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Abstract 
A class of luminescent porous, spherical silica nanoparticles have been synthesized using simple oil-in-water microemulsion 
process in the size range of 15-50nm evident from TEM and FESEM analysis. Mechanism of successful stabilization of 
chlorophyll molecule inside the nanoparticles has been evaluated by FTIR studies, and also supported by UV-Vis spectra. The 
intense red luminescence of nanohybrid introduced by chlorophyll monomer in nanohybrid with 430nm excitation supports its 
candidature as an attractive biofriendly  material for diverse bio-imaging applications. 
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1. INTRODUCTION 
 Amongst various applications of Nanotechnology, recent years have seen the focus on disease diagnosis and 
therapy. Engineered nanoparticles with multifunctionality, as shown in different studies have been used in imaging 
affected tissues and cells with higher sensitivity and accuracy. For example, multimodal nanoparticles [Kircher  
2003; McCann 2009; Shi et al 2009; Lee 2008; Liu et al 2011; Tan et al 2011] are expected to facilitate pre-operative 
cancer diagnosis by MRI and optical based imaging [Erogbogbo et al 2010; Mulder et al 2009, 2010; Trehin et al 
2006; Das et al 2009] to provide intra-operative surgical guidance (by optically demarcating tumor tissue from 
healthy tissue) and to track tumor metastasis [Peer and Langer 2007; Park 2009; Kircher 2003]. Dye-loaded silica 
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nanoparticles and fluorescent nanoprobes have found their use in various bio-imaging applications like labelling 
cells and tissue specimens in vitro. However, various drawbacks like their non-biodegradable nature and cytotoxicity 
have restricted their applications in vivo. In spite of these advances, no major breakthroughs have been seen, 
focusing on the synthesis of luminescent nanoparticle by conjugation of a bio-macromolecule, since their 
stabilization in a nanoporous network proved to be a challenge. Until recently, it was reported that chlorophyll has 
been successfully stabilized in a silica gel network over a long period of time, which showed the time-independent 
nature of the decay of the biomolecule, thus proving it’s photostability [Manna 2009]. Keeping this in view and in 
order to address the above mentioned difficulties, we have designed a nanoparticle synthesis protocol in which the 
successful stabilization of chlorophyll is expected. Our work focuses on the incorporation of chlorophyll molecules 
in a silica nanoparticle, because of the bio-friendly nature of chlorophyll and nontoxic nature of silica. Chlorophyll 
was isolated from leaves using a simple column chromatography method and has been incorporated into the 
nanoparticle using a simple oil-in-water (O/W) microemulsion method. The use of olive oil as the oil phase in the 
microemulsion formation and also the less complex nature of the experimental design makes it simple and cost 
effective. 
 
Nomenclature 
Chl Chlorophyll 
Si Silica 
2. Experimental 
2.1. Materials and Methods 
 
      All chemicals were purchased commercially from Sigma-Aldrich. The silica nanoparticles were synthesized 
using an oil-in-water microemulsion method [Wu and Hung 2013] using 99% pure commercially available olive oil 
as the oil phase. Isolation of chlorophyll was done by column chromatography in reference to a previously published 
method [Manna 2009]. The ethanolic extract of chlorophyll was added to the oil phase during microemulsion 
formation. 
3. Results and Discussion 
3.1.Morphological and Structural Study 
    The morphological and structural analysis of bare silica nanoparticles (Fig. 1.A) and chlorophyll entrapped silica 
nanoparticles (Fig. 1.B), done using Field Emission Scanning Electron microscope(FESEM : Hitachi, S4800) and 
high resolution Transmission Electron Microscope (TEM : JEOL, JEM 2100) reveal that the nanoparticles formed 
are porous and spherical in shape with diameters ≤ 30nm which increases by ≈ 20 nm after the addition of the 
ethanolic extract of chlorophyll. The probable explanation for such an observation might be the addition of ethanol 
into the microemulsion system which acts as a co-surfactant in the micelle formation , which leads to the increase in 
micelle size , hence the enlargement in particle size. 
 
                                           Fig. 1. TEM and FESEM(inset) of bare(A) and Chl doped(B) Si-nanoparticles. 
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3.2.Optical Study 
 
    The Fourier Transformed Infra-Red Spectroscope (FTIR : Shimadzu,8400S) study, done over a range of 2930 cm-
1 ─ 470 cm-1 shows an interesting observation of a distinct peak at 1383 cm-1 (Fig. 2.) which represents the pπ-dπ 
back bonding between delocalized π-electrons of chlorophyll and empty d-orbital of silica[Manna 2009].This 
observation strongly confirms the stabilization of chlorophyll in the porous silica nanospheres. Other peaks of silica 
and chlorophyll have been tabulated in [Table 1.][Beganskiene  2004; Carteret 2006]. 
 
Table 1. FTIR Analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                             
                                     Fig. 2 . FTIR spectra of bare and Chl doped Si-nanoparticles 
 
The absorbance spectra study has been done using UV-Visible Spectrometry (Perkin Elmer, Lambda 35) which 
gives the characteristic absorbance at 660nm and 430nm due to monomeric chlorophyll q and soret transitions (Fig. 
3.). 
 
 
WAVE NUMBER BARE       SILICA 
 
NANOPARTICLE 
CHLOROPHYLL 
DOPED SILICA 
NANOPARTICLE 
470   (Si-O-Si)       -do-          -do- 
810   (Si-O-Si)       -do-          -do- 
1087 (R-SiOH)       -do-          -do- 
1169 (Pyrrole ring vibration)          -          -do- 
1383 (pπ-dπ back bonding)          -          -do- 
1469 (Porphyrin skeleton   stretching)          -          -do- 
1748 (ester-carbonyl stretching)          -          -do- 
2853 (alkyl vibration)          -          -do- 
2930 (aliphatic phytol chain vibration)          -          -do- 
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                                          Fig. 3. UV-Visible spectra of bare and Chl doped Si-nanoparticles 
 
Photoluminescence Spectrometry (Spectraphysics, 74100) of the nanohybrids shows intense emission peak at 
675nm which corresponds to the emission wavelength of chlorophyll monomer (Fig. 4.) in contrast with bare silica 
where no emission peak is found. This supports the candidature of this material to be used as luminescent molecule 
for bioimaging application. 
               
                                Fig. 4. Photoluminescence Spectra of bare and Chl doped Si-nanoparticles 
4. Conclusion 
Successful entrapment of chlorophyll macromolecules in porous silica nanoparticles within nanospace of nearly 
50nm has been achieved. Probable mechanism of stabilization through pπ-dπ back bonding (1383 cm-1) has been 
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evaluated through FTIR spectra. Presence of stabilized chlorophyll molecules in monomeric form is also evident 
from soret and q absorption of chlorophyll silica nanoparticle. Intense red emission of nanohybrid with 430nm 
excitation (Fig. 5.) and the nontoxic, bio-friendly nature of silica support the candidature of these nanohybrids as a 
potential alternative for bio-imaging probes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                      Fig.  5. Chl-Si nanoparticles before and after 430 nm excitation. 
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